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TARGET DNA. 



The present invention relates to collections of labelled target DNA. 



Recent years have seen a growth in the realisation of the importance of gene expression in 
the control of biological activities. It is known that expression of specific subsets of 
genes regulate tissue formation and organogenesis during development and also the 
properties of adult tissues. Patterns of gene expression influence not only the structure 
and composition of specific tissues, but also the tissues' responses to various stimuli. 
These structures, composition and responses, and the patterns of gene expression 
encoding them, are distinctive markers for individual tissues. 



At a more complex level the pattern of genes expressed by whole organisms may be 
characteristic of specific individuals and provide an insight into their biological status. 
For instance, there is growing evidence that the pattern of genes expressed by an 
individual may influence factors such as the individual's predisposition to particular 
diseases or their responsiveness to certain therapeutic agents. 



The current challenge to biologists is to learn how the products of the around 20-40,000 
identified human genes interact to produce the complexity exhibited by higher eukaryotes. 
To a large extent the biological character of a cell can be inferred from the profile of 
genes it expresses. Although an examination of mRNA or protein expression patterns 
alone does not directly address function, the knowledge of when and where a gene is 
expressed can provide valuable insights as to the potential role of a gene and has 
historically been instrumental in the discovery of developmentally regulated genes. 
Recognition of the value of the examination of expression patterns led to the development 
of a plethora of advanced mRNA profiling technologies such as cDNA microarrays 
(Duggan et al., 1999), SAGE (Velculescu et al., 1995), and cDNA display (Liang and 
Pardee, 1992) aimed at the simultaneous measurement of tens to several thousand genes 
in the target samples. Application of these profiling technologies to clinical diseases, such 
as cancer has confirmed the utility of profiling and provided useful diagnostic and 
prognostic assays (Shipp et al., 2002; Staunton et al., 2001 ; van 't Veer et al., 2002). 
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Despite the success of these approaches at the molecular level by identifying patterns of 
expression exhibited generally by relatively homogeneous cellular samples the cellular 
complexity of higher eukaryotes still presents a major obstacle to expression profiling. 

Over the last 30 years a variety of molecular techniques have been developed for the 
analysis of gene-expression. In general methods focussed either on the identification and 
characterisation of genes (either individual genes or networks of related genes) or the 
characterisation of the input tissue or cell based on a characteristic profile of expressed 
genes. Although conventional nucleic acid hybridization techniques (such as northern and 
dot blots) have been used for many years to analyse a small number of genes and samples 
there have been a variety of advanced mRNA profiling technologies such as cDNA 
microarrays (Duggan et al., 1999), SAGE (Velculescu et al., 1995), and cDNA display 
(Liang and Pardee, 1992) which have been recently developed to allow the simultaneous 
measurement of tens to several thousand genes in the target samples. 

Many of the techniques for analysis of gene-expression described above require the use of 
labelled target DNA capable of binding to complementary DNA sequences in reference 
samples. In order to take both fiiU advantage of and to extend recent improvements in 
gene-expression analysis it is important that the labelled target DNA be sensitive, that is 
to say having a high binding affmity for complementary DNA sequences. It is also 
beneficial to be able to produce labelled target DNA fi-om small samples, ideally single 
cells, since this allows a greater range of cell types to be used (since it obviates a 
requirement for large numbers of cells), and improves confidence that the starting 
population is "pure", rather than representing a mixed population of cell types such as is 
found in many tissue samples. Furthermore, it is advantageous if labelled target DNA can 
be produced rapidly, by cheap simple techniques. Unfortunately many known collections 
of labelled target DNA suffer fi-om disadvantages in that they have relatively low 
sensitivity, or are prepared by laborious, complicated or expensive techniques. 

It is an object of the present invention to obviate or mitigate the disadvantages associated 
with the prior art. 
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According to the present invention there is provided a collection of labelled target DNA 
molecules which are exonuclease derivatives of double-stranded DNA. 

Collections of labelled target DNA molecules according to the invention provide a 
number of advantages over prior art target DNA collections, as set out below. Briefly, 
target DNA collections of the invention provide advantages in terms of their enhanced 
sensitivity, their ability to be prepared from small samples, and their ease and cost of 
preparation. 

Collections of labelled target DNA molecules according to the invention have greater 
sensitivity than previously described targets since the single-stranded target DNA 
molecules of the invention are not susceptible to "self-hybridisation". Thus collections of 
labelled target DNA according to the invention, when used in a hybridisation-based assay, 
are more readily able to hybridise with complementary DNA sequences in a reference 
sample, should such sequences be present. Furthermore, preparation of the target 
molecules is more flexible, cheaper and simpler than prior art techniques. These 
advantages arise from the fact that the collection of target molecules can be prepared from 
small amounts of starting material (thereby avoiding costly purification steps and 
increasing the variety of samples from which labelled target DNA can be prepared), and 
can be prepared using cheap, simple techniques. Furthermore, since labelled target DNA 
of the invention can be prepared from samples as small as a single cell, it is possible to 
ensure that the starting population from which the target DNA is prepared represents a 
pure population as opposed to a mixture of different cell types. 

The collection of labelled target DNA molecules may be prepared by a number of 
different methods. The methods described below are simple allowing easy, cost-effective 
preparation of the collections of labelled target DNA. 

Advantageously the double-stranded DNA from which the labelled target DNA is derived 
may be cDNA. Thus the labelled target DNA may be representative of a pattern of gene 
expression in the sample from which the cDNA is derived. One method suitable for the 
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preparation of a collection of labelled target DNA molecules according to the invention is 
to subject double-stranded DNA such as cDNA, or a derivative thereof (e.g. a DNA 
population produced by total or partial amplification of the cDNA population), to 
exonuclease digestion such that a collection of essentially single-stranded DNA molecules 
is produced, and then to label these single-stranded molecules. 

Conveniently the single-stranded molecules may be labelled by incorporation of labelled 
nucleotides at the 3' end of the single-stranded DNA molecules using the template- 
independent DNA polymerase terminal transferase. 

An alternative method by which collections of the invention may be prepared is to treat 
double-stranded DNA, such as cDNA or a derivative thereof, to obtain a labelled double- 
stranded DNA population and then to effect exonuclease digestion of the labelled DNA 
population. Production of labelled double-stranded DNA from the non-labelled double- 
stranded DNA population (or derivative) may, for example, be effected by addition of 
labelled nucleotides via the DNA polymerase terminal transferase (as described above). 
Alternatively a labelled double-stranded DNA population may be derived from the non- 
labelled DNA population (such as cDNA or a derivative thereof) through amplification of 
the original non-labelled DNA by well-known polymerase chain reaction (PCR) 
techniques using labelled nucleotides. The labelled double-stranded DNA population 
may then be subjected to exonuclease digest in order to produce a substantially single- 
stranded labelled DNA population. In cases in which the label is incorporated using PCR 
this provides an advantage in that the efficiency of label incorporation can be readily 
assessed by gel electrophoresis and/or real-time quantitative PCR. 

Conveniently labelled double-stranded DNA representative of gene expression in a 
sample of interest may be prepared using primers comprising a homopolymer T tract (for 
example CATCTCGAGCGGCCGCTTTTTTTTTTl"l"l"144 iUTTTTTT). An example 
of this amplification technique is described in Brady et al. (1990). When combined with 
homopolymer tailing (for example using terminal transferase) PCR using such primers 
produces a population of DNA molecules, in which all molecules have a poly-T region at 
one end and a poIy-A region at the other. This technique has the advantage that a single 
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oligonucleotide can be used for the initial and all subsequent PGR amplifications. The 
technique also obviates the need to create new priming sites within the molecules to be 
amplified, since each molecule produced by amplification contains a poly-A region that 
can anneal to a poly-T region in the primer allowing further rounds of amplification. 

Primers comprising a poly-T tail (as described above) may also comprise a fiarther 
sequence of nucleotides in addition to the tail region. Such fiirther nucleotides may be 
selected to allow the incorporation into DNA molecules, produced by PGR using these 
primers, of regions that may be advantageous for the fiarther amplification or subsequent 
use of molecules produced. For example primers may be designed such that they will 
incorporate "anchor" sequences (thereby enabling improved specificity of subsequent 
PGR) or cloning sites (allowing subsequent manipulation of amplified DNA products). 
Suitable sequences for incorporation into such primers to achieve these purposes would 
be immediately appreciated by one skilled in the art. 

It will be appreciated that the methods described above may be effected by the use of a kit 
according to appropriate instructions. Accordingly there is provided a kit for the 
preparation of a collection of labelled target DNA molecules according to the invention, 
the kit comprising: 

(i) an exonuclease; 

(ii) terminal transferase; and 

(iii) labelled nucleotides. 

There is also provided a kit for the preparation of a collection of labelled target DNA 
molecules according to the invention, the kit comprising: 

(i) an exonuclease; 

(ii) primers; and 

(iii) labelled nucleotides. 

A collection of target DNA molecules according to the invention may be labelled by 
incorporation of labelled nucleotides within the DNA molecules. Labelled nucleotides 
may incorporate a detectable moiety, or may contain a functional group (e.g. an amino 
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group) that is subsequently able to react with a detectable moiety. Suitable detectable 
moieties include fluorescent moieties (flurophores), radio-labelled moieties, and enzymes 
capable of producing a chromogenic reaction with a suitable substrate. In a preferred 
embodiment DNA molecules according to the invention are directly labelled by 
incorporation of nucleotides labelled with fluorescent moieties. This technique provides 
the advantage that relatively small quantities of fluorescent label are required. This has 
obvious benefits in terms of reducing the cost associated with the production of labelled 
target DNA. Suitable examples of commercially available fluorescently labelled 
nucleotides include FluoroLink nucleotides, which are supplied by Amersham Pharmacia 
Biotech. 

In a preferred embodiment of the invention the non-labelled double-stranded DNA from 
which the labelled single-stranded DNA population is derived is globally amplified 
cDNA. By globally amplified cDNA we mean cDNA in which DNA molecules 
representing gene expression retain the same relative abundance as the mRNA transcripts 
from which they are derived. 

There are a number of known techniques by which globally amplified cDNA suitable for 
use in the invention may be produced. Most preferably the global amplified cDNA is 
prepared fi-om mRNA using limiting concentrations of nucleotides and a relatively short 
incubation time in order to limit cDNA synthesis. This ensures that, no matter what the 
length of the original mRNA transcript, all cDNA molecules produced are of 
approximately the same relatively small size. Since all the cDNA molecules are of 
approximately equal size subsequent amplification of the cDNA results in equal 
reproduction of all the cDNA molecules present. This ensures that the amplified cDNA 
produced reflects the original relative abundance of the mRNA present in the biological 
sample. Suitable protocols for the production of global amplified cDNA of this nature 
are provided in Brady et al. 1990, Cumano et al. 1992 and Brady et al. 1993. In addition 
to the advantage of allowing the production of amplified populations of cDNA that 
maintain the relative abundance of the original mRNA the use of global amplified cDNA 
also provides other advantages. For example global amplified cDNA can be derived 
either directly fi-om one or more freshly isolated living cells without the need for RNA 
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isolation, or from mRNA purified from a biological sample. Additionally, the production 
of global cDNA is well suited to automation, providing advantages in terms of ease and 
speed of use. 

The use of globally amplified cDNA in the production of collections of labelled target 
DNA according to the invention provides a number of advantages. A first advantage 
arises from the fact that globally amplified cDNA can be produced from samples as small 
as a single cell, which may typically contain in the region of 20pg total RNA. Since 
conventional techniques for the production of collections of target DNA typically require 
starting quantities of RNA in the region of 20 ng the ability to work with single cells 
represents a million fold increase template sensitivity. A second advantage of the use of 
globally amplified cDNA is that large amounts of DNA can be made, which can be 
readily and simply checked by methods such as gel electrophoresis and/or real-time 
quantitative PCR prior to and/or following incorporation of label. This provides 
advantages not only in terms of ease of production, but also in that it avoids the costs 
associated with inefficient labelling of target DNA molecules and ineffective use or 
wastage of arrays. 

One method by which global amplified cDNA for use in accordance with the invention 

may be prepared comprises the following steps: 

a) preparing a global cDNA population representative of gene expression in a 
biological sample of interest from mRNA of the sample by using primers and limiting 
concentrations of nucleotides; 

b) homopolymer tailing the global cDNA population; and 

c) amplifying the tailed global cDNA population. 

Preferably step a) comprises the reverse transcription of mRNA from the biological 
sample of interest using primers capable of binding to the poly A tail of the mRNA. As 
described above, the reverse transcription is preferably carried out in the presence of 
limiting concentrations of nucleotides in order to limit the length of the transcripts 
produced. 
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The global cDNA population produced in step a) is preferably homopolymer such that a 
population of double-stranded DNA molecules that have both homopolymer A and 
homopolymer T tracts is produced. Homopolymer tailing may be effected using terminal 
transferase. 

It is preferred that at least one of steps a) and b) is effected in the presence of an acetate 
buffer. Preferably both steps a) and b) are effected in the presence of an acetate buffer. 
The use of acetate buffers produces conditions that more closely approximate 
physiological conditions, and thereby improves the sensitivity and yield of the reaction. 
A preferred acetate buffer suitable for use in the preparation of cDNA for use according to 
the invention comprises Tris acetate incorporating potassium acetate and/or magnesium 
acetate. Preferably the acetate buffer comprises 2-200mM Tris Acetate, 5-500mM 
potassium acetate and 1-1 OmM magnesium acetate. 

It is also preferred that at least one of steps a) and b) is effected in the presence of bovine 
serum albumen (BSA). The presence of BSA in the reaction mixture during the reverse 
transcription and homopolymer tailing steps significantly, and surprisingly, increases the 
efficiency of the reaction. Preferably the concentration of BSA during step a) is between 
60 and 90fxg/ml, more preferably between 70 and SO\ig/m\, and most preferably between 
72 and 77(j,g/ml. Preferably the concentration of BSA during step b) is between 30 and 
45^g/ml, more preferably between 35 and 40^g/ml, and most preferably between 36 and 
39ng/ml. 

A further preferred modification of the method by which global amplified cDNA may be 
prepared is to undertake the homopolymer tailing step, step b), in the presence of C0CI2. 
It has been found that the presence of C0CI2 causes a surprising increase in the efficiency 
of cDNA production and thus significantly increases cDNA yield per unit starting mRNA. 
Preferably the concentration of C0CI2 is between 0.5-1. 5mM, more preferably between 
0.8-1. 2mM, and most preferably between 0.9-1. ImM (e.g. ImM). 

It is preferred that homopolymer tailing, step b), is performed in the absence of 
dithiothreitol (DTT). Surprisingly, the absence of DTT increases the efficiency, and so 
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yield, of the reaction. This finding is surprising since it has previously been believed that 
DTT confers an advantage in the production of cDNA. 

Preferably the buffer for step (a) comprises: 
20-500 mM Tris pH 8.3; 
10-300 mM KCl; 

1- 20 mM MgCb; 

2- 200 mM Tris Acetate pH 7.9; 
5-500 mM Potassium Acetate; 

1- 10 mM Mg Acetate. 

Preferably the reaction mixture for step (a) further comprises: 

5-500 ^ig/ml Glycogen; 

0.01-5 % NP-40; 

0.02- 1 0 u/ml RNase Inhibitor; and 

70-80 ^g/ml BSA. 

2 -200 ^iM dNTPs; 

0.01-100 nM oligonucleotide. 

Preferably the buffer for step (b) comprises: 
10-250 mM Tris pH 8.3; 
5-150 mM KCl; 
0.5-10 mM MgCb; 

2- 200 mM Tris Acetate pH 7.9; 
5-500 mM Potassium Acetate; and 
1-10 mM Mg Acetate. 

Preferably the reaction mixture of step (b) fiirther comprises: 
2.5-250 ng/ml Glycogen 
0.005-2.5 % NP-40; 
0.1-10 mM CoCb; 
1 -100 ^M dNTPs; 
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0.005-2500 nM dT24; 

0.01-5 u/ml RNase Inhibitor; 

35-40 ^g/ml BSA; 

0.05-5 mM additional dATP; and 

1 -500 u/ml TdT enzyme. 



Preferably the buffer for step (c) comprises: 

20-500 mM Tris pH 8.3; 

10-300 mM KCl; 

1- 20 mM MgCb; 

2- 200 mM Tris Acetate pH 7.9; 
5-500 mM Potassium Acetate; and 
1-10 mM Mg Acetate. 



Preferably the reaction mixture of step (c) further comprises: 

6-7 fiM Oligonucleotide; 

0.1-10 mM dNTPs; 

2.5-250 ng/ml Glycogen; 

0.03-3.3 mM CoCb; 

0.02-1% Triton X- 100; 

0.005-2.5 % NP-40; 

35-40 ^g/ml BSA; 

0.05-5 mM additional dATP; 

0.005 2500 iiM dT24; 

0.01-5 u/^l DNA Polymerase; 

0.01-5 u/ml RNase Inhibitor; and 

1-500 u/ml TdT enzyme. 

Exonuclease digestion to produce collections of target DNA according to the invention 
may be performed using a suitable 3' or 5' exonuclease to effect degradation of the 
double-stranded DNA from either the 3' or 5' end. 



u, „ nUA (dsDNA) exonucleases wM initiate digestion at 
Digestion with double^ded DNA (dsDNA) ^ 
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-^-*"'^~^""*::t?.: !e,!ge DNA molecule length present in 
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An example of an exonuclease that may be preferred for use according to the invention is 
exonuclease III, which is a 3' to 5' exodeoxyribonuclease that digests duplex DNA from a 
blunt end, 5' overhang or nick. 

It will be appreciated that as a result of the digestion the two remaining molecules are not 
complementary to one another. This therefore prevents the strands of target DNA re- 
hybridising to their complementary sequences found within the original double-stranded 
DNA population. Thus the collection of target DNA molecules are maintained in single 
stranded form and are therefore free to hybridise to complementary single-stranded DNA 
sequences in a reference sample to which they are exposed (should such sequences be 
present). This improves the sensitivity of the collection of target DNA molecules when 
used in hybridisation-based assays. 

When a collection of labelled target DNA molecules according to the invention is to be 
used in a hybridisation-based assay it may be preferred that the arrayed DNA molecules 
are also treated with exonuclease in order that they too may remain single-stranded. In 
this case it is important to note that the target DNA and reference DNA should be treated 
with exonucleases having complementary specificities. For example, in one embodiment 
the collection of labelled target DNA molecules may be produced using a 3 '-5' 
exonuclease, and the reference samples treated with a 5 '-3' exonuclease. In an alternative 
embodiment the collection of labelled target DNA molecules may be produced using a 5'- 
3' exonuclease, and the arrayed samples treated with a 3 '-5' exonuclease. 

In addition to preparing total cDNA representing all expressed genes it may also be 
desirable to amplify and/or label a subset of the expressed genes thereby reducing the 
overall complexity of labelled material. The rationale behind such complexity reduction 
techniques is that many of the mRNAs present in a biological sample, represent 
transcription of so-called "house keeping" geneswhich encode products associated with 
the up-keep of the cell and are generally likely to be common to almostall samples. As 
such they represent components of gene expression patterns that may be found in both test 
and reference samples, but which are unlikely to be important in the development or 
maintenance of a biological condition or state of interest. It has been estimated that up to 



«./. of mRNA mass within oeiis may be composed of transcripts representing hou^- 
L»g" genes. Complexity reduction techniques improve sensitivity Cher by srmp.y 
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in each individual gene will be det«=t»l during array hybridisation. 
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Thus for individual gene sequence present after applying complexity reduction there will 
be an increase in specific activity for each gene and an increase in the "signal to noise". 

Display products. 

Another means of selecting a subset of sequences present in the starting cDNA/mRNA 
population, and thereby increasing the relative abundance of each selected sequence after 
complexity reduction, is the use of approaches for differential cDNA display (Liang and 
Pardee, 1992). cDNA display selectively amplifies only those cDNA populations which 
contain effective priming sites for display primer(s) used. Display primers can be used to 
prepare distinct subsets of cDNAs directly from starting RNA (Liang and Pardee, 1992) 
or alternatively display amplification may be applied to amplified total cDNA 
populations (Candeliere et al., 1999). In essence display techniques reduce complexity by 
selectively enriching a subset of the sequences present in the original mRNA or cDNA 
population, thereby increasing the relative abundance of the selected sequences within the 
resultant population. 

Hybridisation depletion and enrichment. 

A variety of DNA/RNA subtraction techniques have been developed to deplete 
DNA/RNA sequences common to two or more pools of DNA/RNA molecules. 
DNA/RNA subtraction applied to DNA or RNA copies (either direct copies or amplified 
products) of the original extracted RNA can be used to reduce complexity by removing 
sequences. 

Suitable DNA/RNA subtraction techniques for use according to the invention are well 
known. One such method involves the production of a single-stranded cDNA library (the 
"tracer"), such as the cDNA from which the probe library or reference samples are to be 
generated, from which it is desired to remove certain sequences. A collection of 
amplified cDNAs representing the sequences that one wishes to eliminate (the "driver"), 
such as housekeeping genes, is then allowed to hybridise with the tracer. Double stranded 
DNA molecules, representing hybrids of the tracer and the driver, may then be removed 
from the total population of DNA based upon their adhesion to hydroxyapatite. The 
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remaining DNA population comprises single stranded DNA molecules representing the 
tracer population minus the driver population. This subtracted DNA population may then 
be further amplified as required. 

In further refinements of this method "driver" nucleic acids may be covalently linked to 
compounds which facilitate the physical separation of "driver" nucleic acids (plus any 
annealed "tracer") fi-om unhybridised "tracer". The separated populations (i.e. those 
sequences present only in the "tracer", or those sequences shared by both "tracer" and 
"driver") may then be enriched or depleted relative to one another. For example, driver 
nucleic acids may be linked to biotin, such that following hybridization all biotinylated 
hybrids can by segregated by interaction with immobilised avidin, allowing either 
subtractive enrichment or positive selection. Suitable protocols are described in Welcher 
et al., 1986; and Weaver et al., 1999. In alternative, but similar, approaches "driver" 
nucleic acids may be bound to latex beads (as described in Kuribayashi-Ohta et al., 1993, 
or magnetic particles (as described in Lopez-Fernandez and del Mazo, 1993; and Schraml 
etal. 1993. 

In one embodiment hybridisation depletion/enrichment protocols can be used to remove 
"unwanted sequences" present in samples from which the probe library and/or reference 
samples are derived. The nature of the "unwanted sequences" will depend on the 
biological samples in question. However, as a general rule, sequences which are 
expressed at similar levels in diverse samples are, by their very nature, uninformative and 
tend simply to add to the "background" produced during hybridisation. 

It is likely that genes expressed at a similar level in biologically divergent tissues will not 
be characteristic of a particular tissue, and will instead represent house-keeping genes. By 
way of example, it is unlikely that genes expressed at a similar level in tissues as 
biologically different as heart, lung, spleen and testes will be characteristic of any one of 
these tissues. Sequential hybridisation enrichment can be used to obtain a "pool" of 
sequences common to different tissues. The resultant pool will represent genes that 
contribute to the "background noise" associated with hybridisation. This pool can then be 
expanded and used to reduce the level of background hybridisation. For example, it is 
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hybridisation with the reference samples. The competitor DNA may be DNA 
representing common housekeeping genes, or it may be selected DNA representing genes 
common to the biological sample of interest and/or the reference samples. Since the 
competitor DNA is unlabelled, hybrids of competitor and reference DNA will not be 
detected in assessing total hybridisation. 

The competitor DNA may be exposed to the reference sample DNA before the addition of 
the probe library DNA or at the same time as the addition of the probe library DNA. 
Molecules of the competitor DNA that represent genes expressed by the reference 
samples will then hybridise to the corresponding DNA of the reference samples. 
Reference sample molecules that undergo hybridisation with molecules of the competitor 
DNA will therefore be unable to hybridise with fiirther molecules from the probe library. 
Thus by incubating the DNA of the reference samples with, for example, unlabelled 
competitor DNA representative of housekeeping genes it is possible to reduce the level of 
binding by labelled probe DNA representing the same genes. This therefore improves the 
sensitivity of the method of the invention since it increases the likelihood that detected 
hybridisation is representative of genes of interest within the samples. 

Unlabelled competitor DNA representative of genes having a high frequency of 
expression within the biological sample of interest and/or reference samples may be 
generated by reverse subtraction of the DNA populations derived from the two samples. 
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^wi„sPro.o».sa«aesaiMwi*.efe.„oe.oT.b,e ,. Table , provides de.,.s 

e„,Med "P.bHshed") and a,» nove, improved buffers and reacuon n,.xu,res (shown 
the right hand column entitled "Improved"). 

molecules according to the invention may be produced and used. 

(a) Preparation of global amplified cDNA 

(i) Reverse transcription - Preparation of cDNA 

(ii) Terminal transferase - "Tailing" 

(iii) Global cDNA amplification 

(b) Labelling of amplified DNA 

(i) Terminal Transferase labelling 

(ii) PGR labelling 



(c) Complexity reduction. 

(i) Display Based 

(ii) Hybridisation depletion and enrichment 

(d) Exonuclease treatment of double-stranded DNA 

(e) Hybridisation of labelled DNAs. 

(f) Detection of hybridisation 

(g) Quantitative PGR 
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1 auic 

r- If 

HuhUxhpd ^ 

2XD/L Q 

97.725 mMTrisHClpH 8.3 ^ 

146.587 mMKCl ^ 
5.863 mMMgCh ^ 
195 |ig/ml Glycogen ^ 


nproved 

SD/L 

7.725 mM Tris HCl pH 8.3 
46.587 mM KCl 
.863 mM MgCh 
95 ng/ml Glycogen 

o^o/„NP40 


_1_.95%NP40 . J 

RNAse Inhib+ , 
2.5 mM dNTPs , 
50 |iM dT 

5U/mlSUPERase-Ambion 

7.5U/ml Prime RNase -Eppendorf L 


)1VT A Tn1llh+ 

[INASe inuiu^ 

.25 mM dNTPs 
.5 \M dT 

)U/ml SUPERase- Ambion 

7 '^Tl/ml Prime PNase -Eppendorf 




JTBuffer2+BSA 

■^A ^A/t Trie Arptate dH 7.9 

20 mM iris /\t.cuii^ yxx 
50 mMK Acetate 
9 mM Mg Acetate 

^ 1 3 fie/ml BSA 


RT Buffer 2 

50 mM TrisHClpH8.3 

75 mMKCl 

3 mM MgCl2 

0.1 mg/ml Glycogen (Roche) 


RT Buffer 2 no BSA 

20 mM Tris Acetate pH 7.9 

50 mM K Acetate 
9 mM Mg Acetate 


1 % NP-40 (Rochet 


TdT Buffer + DTT Vi C0CI2 
20 mM Tris Acetate pH7.9 

50 mM K Ac 
1 mM C0CI2 
0.5 mM dATP 

0.2mMDTT 




' ^fdTBiiff^DTT IX C0CI2 
20 mM Tris Acetate pH7.9 
du mivi JS- 
2mMCoCl2 
0.5 mM dATP 

02mMpTT______ 





l^TBufftrTDTT 2X C0CI2 
20 mM Tris Acetate pH7.9 
50 mMK Ac 
4 mM C0CI2 
0.5 mM dATP 

0.2 mM DTT 


TdT Buffer 

200 mM potassium cacodylate pH /-^ 
4 mM C0CI2 
0.4 mM DTT 

1 mM dATP 


TdT Buffer no ml 

20 mM Tris Acetate pH7.9 
50 mM K Ac 
2mMCoCl2 

0 5 mM dATP — - 
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^ Vr-r -*"'^ of global amplified cPNA , 

Brady, G., and Iscove, N.N. (1993). 

S„«e s^.n. — — ^^^^^ 

following protocol: 

, KNAsareadJustedtolOOn.icrogran..linlOn.MTrispH7.5,ln,M^^^^ 

2 3 ,1 of each RNA is added to 3 ^ "2X D/L" (Table 1). 

V, t H to 65°C for 1 minute allowed to cool to l^C for 3 minutes 
3. Samples are heated to 65 C tor i mmui 
then placed on wet ice 

o 1 f "OT Rnffer 2" (Table 1) containing either a 

units "Sensiscript™"(Qiagen). 
then cooled to 4°C. 

(ii) Trrn-'-' Transferase - 'Tailinsl 

, 5 ^ of each sample is mixed 5 ^ of Buffer" (TaWe 1, — g 2.3 
sa.p.es are *e„ inc„ba.ed .5 ».».s a. 37oC, 63oC .0 »inu.es and cooM . 

4°C. 

r«i ^ global cP ^ ^ amplification. 
SlpHfied acoordingtothe toUowmg ptotoeol. 

, Mot«,e.He<.cDNAprepare<.asdescHbedabove,„aybeco.bine<.wiU,S.i 

of: 

121.4 mM K.C1 
8 5mM MgCl2 
242^mM Tris-HClpH8.3 
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24% Triton X-100 

2.3 mM dNTPs ^^^^^^ (sequence 

Stcgagcggccgctittititi^^ 

0.16 u/nl Taq Polymerase 

2. SamplesarethenplacedintoaPCRmachineandsubjectedto: 

25 cycles 

1 minute 94*'C 

2 minute 42°C 
6 minute 72°C 

followed by an additional 25 cycles: 
1 minute 94°C 

1 minute 42°C 

2 minute 72''C 

, f prR .amoles are purified using tlie Millipore 96 well 

jrr^rtr— — — " 

manufacturer. 
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(h ) T.abeU '"n ^"'P'ified DNA 

above) with two different fluorescent markers (Cyi ana L,yo) 
(i ) Termi""' Transfera se labelling. 

, App„xi,„a.e,y 50 „g of g,ob.,y amplified oDNA of a first probe Hbrary .ay be 

added to a 20 ^1 reaction containing: 
100 nM FluoroLink™ Cy3-dUTP (Amersham Pharmacia Biotech) 
100 mM potassium cacodylate pH 7.2 
2 mM C0CI2 

""erminalWeraseCAmershamPharmaciaBiotech) 

, Approximately 50 ng of globally antpHfied oDNA of a seeond probe library may 

be added to a 20 ^il reaction contammg: 
100 nM FluoroLink™ CyS-dUTP (Amersham Pharmacia Biotech) 
100 mM potassium cacodylate pH 7.2 
2 mM CoCb 
0.2 mM DTT 
total 5 unhs Terminal Transferase 

3. F„„owingineubationforlho„ra.3rCbo.hsamp.es,naybee.hanolpreoipita.ed 

by the addhion of: 

10 ul 7.5 M Ammonium Acetate 

0.5^1 l5mg/mlGlycoBlue(Ambion) 
75 1^1 ethanol 

Samp,esmay.e„beb^o^w.ieef^^ 

^rr;^t:^™»^"^^' .OmMHep«pH7.5. . mMEDTA. 
yen labelling. 

such an approach is given below. 

, ApproximatelyO^ngofgloballyamplifledcDNAofafirstprobelibrarymaybe 

added to a 20-100 ul reaction contammg: 
100 nM FluoroLink™ Cy3-dUTP (Amersham Pharmacia Biotech) 
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lOOnM <'NTP= ^MdT (sequence 

?XTCGAGCGGccGCTrrrriTiTrrnTrnTiTrm) 

0.01% Tween-20 
0.16u/^l Taq Polymerase 

2 Approxi.ately0.5ngofglobanya.plifiedcDNAof 

be added to a 20-100 ^1 reaction containing: 
100 nM FluoroLink™ CyS-dUTP (Amersham Pharmacia Biotech) 
lOOnM dNTPs (sequence 

' 2a?ctcgagcggccgctitititit^^ 

TvmM SaiH8.8at25^C) 
1.5 mM ^sCh 
0 01% Tween-20 
0.16u/jxl Taq Polymerase 

3. BothsamplesarethenplacedintoaPCRmachineandsubjectedto: 
25 cycles 

72''C 



30 seconds 94^C 

1 minute 42 C 

2 minutes 

4 Following completion of .he PCR s.cp bo.h samples may be stored a. -20oC for 
i'^ocessing or ethanol precipi.a.ed by .he addmon of. 



■ , 1 ^i.tmp 7 5 M Ammonium Acetate 

0.5 original sample volume 7.5 M ^^^^ ^^^.^^^ 

0 025 original sample volume i j mg/ u :/ 

3 5 original sample volumes ethanol 

samples may ^.enbeheia on «eU.^r,5minu^^^^^^^^ 
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(r ) Com r'^^'^Y reduction. 

0„„He st^nded DNA. such as oDNA, suitable fo. use accord.s .0 .he 
l„.geous, be subjected .0 ccnp.exi.. reduction techniques, ,n orde, to exCude 
DNA not thought to beofinterest, before exonucleasedigestton. 

T.^ are ntanypossiblecontpiexityteductiontechniquesthatare suitable forusewith*^ 
method of the invention. 
(■) Display based 

.c.,,o.in.protocolissuitab,e.re.cet..a..sp.a,pr.u^^^^ 
technique according .0 the method of the utventron. Tlte 

^palion of two different a^phfed cDNA populations .0. the sa.e cDNA 
population ("total cDNA"). 

selected subsets of cDNA within a global amplified total cDNA population ntay be 
fnrther amplified based on protocols described tn: 

. ,. r A Rao Y Floh, A., Sandler, S, D., and Aubin, J. E. (1999). cDNA 
"tCororop^enito; cells to iso.te di— n s.ge-specific genes. 
Nucleic Acids Research 27, 1079-83. 

A suitable protocol is as follows: 

, purified globally amplifted total cDNA prepared as described above »ay be 
diluted 100 fold in 2 mM Tris pH 7.5, 0.2 mM EDTA. 

, T^o separate subsets of cDNAs may then be selectively amplified fiom the «,t^ 
" lAbyseparatelyaddi„g.0.1oftotalcDKAto.0,lofMaAand 

,0 m of total cDNA «. 10 ^ of ECRmfifflaS, and subjechngboth to. 
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2 cycles as follows: 
94°C 1 minutes; 
35°C 3 minutes; 
72'*C 3 minutes; 

followed by 30 cycles as follows: 
94''C 30 seconds; 
SO^C 30 seconds; 
72°C 1 minute; and 

1 cycle as follows: 
72°C 5 minutes. 

VCR mixture A 

25 ,M Display OligoA-CAGCCAGTCTTGAGGCAACACC 

0.5 mM dNTPs (Sigma) 

32 mM (NH4)2S04 

134 mM Tris-HCl(pH8.8at25°C) 

0.01% Tween-20 

3 mM MgCh 

25u/ml Taq Polymerase 

prR mixture B 

Display OHgo B - CCAGCAAGAGCACAAGAGGAAGAG 

dNTPs (Sigma) 

(NH4)2S04 

Tris-HCl(pH8.8at25°C) 
Tween-20 
MgCU 

Taq Polymerase 



25 ^M 
0.5 mM 
32 mM 
134 mM 
0.01% 
3mM 
25u/ml 
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Following PCR all samples may be purified using OFX purifeation columns (Amersham 
Pharmacia) following the manuftcturer's instructions. 

,;■) Hyhridisat inr ---r'-"- °"' «-<chmeiit 

'i^^.fersto thecDNAusedtodrplete and/or enrich in the «.ce. cDNA 
Lotion. Theresultant depicted or enriched sequences will he derived .om^e.^. 

LnA population. In the following examples all driver cDNAs are prepared m PCR 
roILtainingdUTP(notdrrP,u> allow removal ofresidua.*ve.0DNAsusmg 

the dUTP specific UNG nuclease. 
Based on methods described in: 

Analysisofgenc-expressioninacomplexdiffcrcntiationhicrarchybygloha, 
amplif.ca.ionofcd„afromsinglecclls.Brady,G,BilliaF,KnoxJ.H»,gTK,^hIR, 
VouraEB,HawleyRG, camming R.BuchwaldM.Siminovi.chK.M,yamotoN, 

Boehmelt G, and Iscove NN: Current Biology 1995, 5-. 909-922. 

Foot HCC, Brady G, and Franklin FCH.(1996).SubtractiveHybridisation. In Plant 
Mol^cularBiology Laboratory Manual, M. Clark, ed.(U,ndor.SpringerVerlag). 

weaver, DL, N*. C, B™ne. C, Bostock V, and Brady G. (.999). Single-cell RT-PCR 
CDNA subtraction, in Molecular Embryology: Methods and Pro.ocols..P.Sharpe and I. 

Mason, eds. (Totowa, NJ, USA: Humana Press), pp. 601-609. 

n. pi»tinii/Siihlractioii 

1 Preparation oftracer and driver: 

r;;imately 0.5 ng of globally amplified cDNA added to a 20-100 ^ reaction 

containing: 

250 nM 'i^TP,drrP,dCTP,dGTP ^^^^^^^^^ 

' ^ATCTCGAGCGGCCGCrnrriTriT^^ 

16mM (NH4)2S04 

67mM Tris-HCl(pH8.8at25°C) 

1.5 mM MgCh 
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0.01% 



Tween-20 



0.16u/Kil Taq Polymerase 

C-ately 0.5 „g of „oba„y amplified cDNA added .o a 20.,00 ^ «ao.io„ 
containing: 

„o„M OATP.IUTP.dCTP.dGTP^^^^^^ 

' ""^ cA^TCGAOCGGCCGCTmrriTiTrrrriTiTiT^ 

r&8.8a.25»C) 

1.5 mM MgCl2 
0.01% Tween-20 
0.16 u/^1 Taq Polymerase 

Bothrracerand^nv^rarethenplacedintoaPCRmachineandsubjectedto: 
25 cycles 

30 seconds 94 C 

1 minute 42 C 

2 minutes 72 C 

P„„o«i„g completion of .he PCR reaction both .acer and cDNAs ^ *en 

purified usingcommercial purification systems such as GFXCAmershamPharmaca). 

rC;droNAa-30.)ina..m,scte»-c.pt„he.Boi.for.m.u.esand 

place directly on ice in a small ice tray + rack. 

Add 20 p. 2 .ng/m. photobiofin to the DNA and mix we,.. With the lids left off place *e 
tubes upright on ice 10 cm f^m flte bulb and irradiate for a total .0 mmutes. Afte th 

first 5 minutes remove the h,bes ftom under the light source (avoid direct ■rrad.at.on), 
flick then.be to mix and t^lace under the light source fortheremainingSmtnutes. 

Remove «,e sample (avoid direct irradiation) and mix in the remaining 20 pi of 
photobiotin and place under the light for an additional 5 mtnutes. 
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Add 1/lOth volume of IM Tris-Cl, pH 8.0 to stop the reaction. 

Purify using commercial purification systems su^^ 

2. Hybridisation of tracer plus driver and tracer enrichment: 

To a 0.5 ml tube add and mix in this order: 

0.5 tracer DMA 

10 Jig biotinylated driver DNA 

adjust volume to 20 jil with water then add: 

g^il 5xHyb G£i/ 

12jil 40% PEG 

Heat sample: 

5 minutes 98°C, 
5 minutes at SO'C 
7 minutes at 74r°C 
60 minutes at 68°C 

then hold at while seperating biotinylated molecules 

Kemovebiotinylatedmolecules usingavidinboundtoasolid support, in practisethis can 

becarriedoutusingcommercialproductsasditrectedbythemanufacturersuchas 

StreptavidinMagnasphere™Paramagneticparticles(SA-PMPs)provided^^ 

Following removal of biotinylated molecules the remaining tracer can be subjected to 

ir rounds of subtraction by addition of .esh biotinylated ..v.P^^ 

.He process described above.Typically three sequential rounds of subtract^onareused 

additional rounds may be added if required. 

T.e final depleted product is then amplified using PCR conditions described for the 
original tracer amplification. 
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SxHvb GEH 



90 mM EPFS pH 8.5 

10 mM EDTApH8.0 

Q 5 o/„ Triton X-100 
3.75 M 



NaCl 



Negative Sb ^**^*-*'"" or Attraction 
1 Preparation of tracer and driver: 
Tracer 



App.xtaate,y 0.5 „, of globally ^pUfed oDNA added .o a 20-100 ^ rea..o„ 



250 nM 
1 ^lM 

16mM 
67mM 
1.5 mM 
0.01% 
0.16 u/^l 



dATP,dTTP,dCTP,dGTP 

Oligo NotldT (-quence 

CATCTCGAGCGGCCGCTITITITITITITI^^ 

(NH4)2S04 

Tris-HCl(pH8.8at25''C) 

MgCl2 
Tween-20 
Taq Polymerase 



A^xi^a^ly 0.5 of globally amplified oDNA added to-a 20-100 .1 r^.ion 
containing: 

dATP,dUTP,dCTP,dGTP 



250 nM 
1 \iU 

16mM 
67mM 



Oligo 



NotldT 



(sequence 



CATCTCGAGCGGCCGCriTrnTITITITI^^ 



(NH4)2S04 

Tris-HCl(pH8.8at25°C) 
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1.5 mM MgCb 



0.01% 



Tween-20 



0.16u/^l Taq Polymerase 

Both rmce. and ^nve. are thenplacedintoaPCRmachme and subjected 
25 cycles 

30 seconds 94*'C 

1 minute 42''C 

2 minutes 72 C 

p„„owi„g c„M«io„ of *e PCR reaetton bo«, ..c.. and oONAs ^ «.e„ 

p^fled using— ia.purmoa,io„sys,»ssucha.GFX(AmershamPh«^^ 

place directly on ice in a small ice tray + rack. 

L 5 LLs remove d,e tubes fro™ under .he Ugh. sou^ (.void d,rec. ™d,a.,on,. 
flicka,e*.i>etomixandrepla=eunder*eiigh.souxefor.heremaimng5m,„mes. 

Remove fte sample (avoid direC irradiation) and n,ix in .he remaining 20 ^ of 
photobiotin and place under fte ligh. for an additional 5 mmrtes. 

Add 1/lOth volume of IM Tris^l, pH 8.0 to sK>p reaction. 

Purify using commercial p«rif.ca,ionsys.ems such as GFX(AmershamPham.acia). 

2. Hybridisation of tracer plus driver and 0-aeer enrichment 



31 



To a 0.5 ml tube add and mix in this order: 

0.5-10 tracer DNA 

10 ng biotinylated driver DNA 1 

adjust volume to 20 jil with water then add: 

8 5xHyb GEH 

12jil 40% PEG 



Heat sample: 

5 minutes 98°C, 
5 minutes at SCC 
7 minutes at 74°C 
60 minutes at 68°C 

then hold at 68''C while seperating biotinylated molecules 

Remove biotinylated molecules using avidin bound to a solid support. In practise this can 
be carried out using commercial products as ditrected by the manufacturer such as 
Streptavidin Magnasphere™ Paramagnetic particles (SA-PMPs) provided by Promega. 

Release tracer DNA bound to driver DNA 1 by denaturing the ./nver Z)N^ tracer DNA 
hybrids. For examples using SA-PMPs the washed SA-PMPs and their attendant driver 
DNAl/tracer DNA hybrids can be heated to 9^0 to release tracer DNA and bound dnver 
DNA 1 removed by magnetic attraction of the SA-PMPs. 

Released /.acerDiV^ can then be subjected to further roundsof attraction by re 
process with separate drivers {driver DNAs 2, 3. 4 etc). 

The final "attracted" product will be enriched for sequences common to all driver DNAs 
used and can be amplified using PGR conditions described for the original tracer 
amplification. 



SxHvb GEH 



90 mM 
10 mM 
0.5 % 
3.75 M 



EPFS pH 8.5 
EDTApHS.O 
Triton X-100 
NaCl 
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|i ) 3»,5»-p^nn..rfease - F ^»""g'ease III 

, Add .00 fteshly »pUf,ed cDNA ,s..io„ bii step 3) to 5 „ of a Exonudease 
III buffer consisting of: 

660 mM TrispH8.0 
66 mM MgCb 
50 mM DTT 
500 lig/ml BSA 

P„,.ig.«o„add.OuniUExo™c.eascm(An.ershamPh™ada)for„egativeco„,.ls 
omit enzyme. 

2. Incubate 15 minutes at 37°C. 

. ot 7<;°r for 10 minutes ethanol purify using 

-x Following heat inactivation at 75 C toj 
sigmaSpS coluis (Sigma) and dried down (lyopluhsed). 

v-r-exon u. 1. 1-r T7 ^-"'^ « F^onuclease 

1 . Add freshly 0.5 - 5 ,g cDNA to a 50 ^ reaction consisting of: 

40 mM Tris pH7.5 
20 mM MgCla 

fo:::.Us ??Gene6Exonuclease(AmershamPharmacia) 

2. Incubate 30 minutes at 37°C. 

. * 7^»r for 30 minutes ethanol precipitate by the 

3. Following heat inactivation at 75 C for iU minui 

addition of: 

. , 1 ^i„rr.P 7 5 M Ammonium Acetate 

0.5 original sample volume ^^^^ ^ion) 

0.025 original sample volume l^mg^" > 
3 5 original sample volumes ethanoi 

Sa»p...a..He„..h.d.«.i^^^ 
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(f ) Hvbritlisation of lahelled PNAs. 

described above. 

, . An may slide may be prehybridised at 42-C for 1 hour in fl,e following buffer: 

50% Formamide 
5X SSC 
0.1 % SDS 
lOmg/ml BSA 

2 The array slide may .hen be washed four times witi, H.0 and once in Isopropanol 

and dried 5 minutes at room temperature. 
3. The following mixture may then be prepared: 

50%v/v Formamide 

5X SSC 

0.1 % SDS 

0.5mg/ml PolyARNA 

0.5mg/ml YeasttRNA 

0.5mg/ml Salmon Sperm DNA (10-30ug) 

50ug/ml Cotl DNA 

combined Cy3 and Cy 5 probes 

(Total volume 45 fil) 

4. -n,e mixture may a,en be heated at 95"C for 5 minutes and ehilled on we. iee 3 
minutes. 

i^ poLle to lift the cover slip up with surface tension. 

6. The slide may be placed into a moisturised slide hybridisation chamber and 
incubated 42 °C o/n.(<16hr). 

7. FoUowing hybridisation the entire slide may be immersed in 2X SSC and the 
cover slip removed. 



8 The exposed sUde may then be washed nvice 2X SSC/0..% SDS (5 minu^s RT 
each wash) followed by 2 washes with 2X SSC (5 .ntates RT each wash) and drymg 



room temperature. 
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(f) Detep*'»n of hybr idisation. 

The foHowing protocol is suitable for detection and analysis of hybridisation in ti,e 
method of the invention. 

, scanning of the slide and quantification of red (Cy5 635nm) and g.en (Cy3 
■ 532nm) fluorescence may be carried out using a GenePix 40flOb as recommended 
by the manufacturer. 

2. Follo^ingscanningdatamaybeanalysedusingeommerciallyavailablesoftware. 



Oiinntitaiive PCR. 

Quantitative PCRmeasurements were made usingtheW-corekitforSybr® Green 

r (Eurogentech) as recommended except 25 reaction volumes were used For 
amplification usi„gtheNot,dTolig„afina.o.igoeonce„trationof4.75,M was usedand 

for gene-specifie PCR a final concentration of 0.5 ^ was used. Real-tmte 
^easLents were made ustag an Applied Biosystems "AB, Prism« 7000 Sequent 
Detection System" following the manufacturers recomendations. PCR condttrons for 
NotldT oligo PCR reactions were: 



40 cycles 
95oC 15 seconds 
42oC 30 seconds 
72oC 1 minute 

PCR conditions for gene-specific PCR reactions were: 
1 cycle 

50oC 2 minutes 
1 cycle 

95oC 10 minutes 
40 cycles 



95oC 15 seconds 
60oC 1 minute 
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Improved reagents protoeol for the preparatioo of cDNA. 

^ P„.„co.s Hsted above illustrate suitable methods by which global amplified cDNA 
„ay be produced for use aoeo^ins.0 the invention. However, the followngprov^^ 

Jrovl set of reagents and improved protocol that ma, be used in the preparafon of 
CDNA as an alternative to the Protocol described in Section (a) above. 
T^efoUowing reagents and protocol increase the efficiency.accuracyandyieldofcDN^ 
ponced. A U for carrying out the method of .he inventron may compnse 
reagents/compositions as defined in Al to A9 and El to E3 below. 



Reagents: 

Al RT Buffer 1 

97.725 mMTrisHClpH 8.3 

146.587 mMKCl 

5.863 mMMgCh 

195 ng/ml Glycogen 

1.95% NP40 



A2 RNAse Inhibitors 

1.25mMdNTPs 

25|jMdT 

5U/ml SUPERase- Ambion 
7.5U/ml Prime RNase -Eppendorf 



A3 RT Buffer 2 

20 mM Tris Acetate pH 7.9 

50 mMK Acetate 

9 mMMg Acetate 

313 jig/mlBSA 

A4 TdT Buffer 

20 mM Tris Acetate pH7.9 
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50 mM K Ac 

A5 CoCh 

2 mM C0CI2 

A6 dATP 
0.5 mM dATP 

A7 Taq Buffer 

143.76 mMKCl 

aOmMTrisHClpH-S.S 

10mMMgC12 

56 ^g/ml Glycogen 
0.3% Triton 

A8 dNTPs 

dNTPs 25mM each 

A9 Oligo 

297 nMNotldT 
(CATCTCGAGCGGCCGCT24) 

El RTMMLV RTase 178 
AMV RTase 2.2 

E2 TdT 

14 terminal transferase 

E3 Taq Polymerase 

5 u/\i\ Taq polymerase 
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Protocol: 

Prior to starting thaw all reagents on ice. mix well and briefly spm. 

Reverse Transcriptase 

1 Make up fresh 1st Strand Buffer as follows: 

50 Al RT Buffer 1 

1.6 A2 RNAseInhib+ 

2. Mix 2 .1 RNA sample with 2 ^ 1st Strand Buffer heat eS^C for 1 minute and 
cool at room temperature for 3 minutes then place on ice. 

3 Make up fresh RT Solution as follows: 

SOjiL A3 RT Buffer 2 

1.6 El RT 

4. Add 2 Ktl RT Solution to each sample and incubate 1 5 minutes at 3rC, heat 
inactivate at 65°C for 10 minutes then place on ice. 



Tailing 



Prepare Tailing Mix as follows: 

137.25 ^iL A4 TdT Buffer 

12 A5 C0CI2 

0.75 ^iL A6 dATP 

5^L E2 TdT 

Add 6 jxL TaUing Mix to all samples, incubate 1 5 minutes at iTC, heat 
inactivate at 65°C for 10 minutes then place on ice. 



PCR 
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7. Prepare PCi2Mx as follows: 



487.5 A7 Taq Buffer 

52 ^tL A8 dNTPs 

17.7 nL A9 Oligo 

17.7 ^iL E3 Taq Polymerase 



8. Add 24 ^lL PCR Mix 

protocol: 

95 °C -30 seconds 
42 °C - 2 minutes 
72*^0 -6 minutes X 6 cycles 

followed by: 

95 -15 seconds 

42 °C - 30 seconds 

72 °C-1 minute X 34 cycles 



tc to all samples, mix and subject to the following PCR 



NOTE: Use a PCR machine fitted with a heated lid to avoid evaporation. 

9 Purify using either the Millipore 96 well purification system (Millipore MANU 
03050)ort^eGFX™PCRDNAandGelBandPurificationKit(Amersham). 
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ir^»«.rimftntal results. 



i following expertmenta, resuUs m„s.ra« ^ increased se„..,v,ty of .abeUed .rgef 
DNA in accordance with the invention. 

Hgu. . musua.es .ha. e.onuCease ..a.ed .arge. DNA has grea.er s»si.,vi.y *an non- 
exonuclease treated target DNA. 

Pig„. , Shows ^ rcsuhs of hybridising a glass slide gene a.ay of individual n,„use 
Je se,uenees wi* fl«o.esce„«V -abeHed global cDNAs. RNAs we. p.pared ft ™ 
Lome epi.eliu™ ^ a wi.d-.,pe (WT) n,ouse and a uansgen. .ou. 
cheekpoin. gene (KO) using "RNA aqueous ™" (AmHon). Glob^ amphfied cDNA was 
X 0 ng of either WT or KO .o.al RNA according u, *e Pro«^ls above 
71 1 CR laluing according .o .he Pro»co,s (Sedon Hi) was U,en a ph^ . 
Huce KO global cDNA fluorescen* ^,3, and WT global cDNA 

fluorescently labelled with Cy5. 

..mediately following .he labelling slep e,ua. volumes of .he KO ^^^^^^^^^^ 
fluorescemly labelled wi.h Cy3 and WT global cDNA fluoresce„.ly ^l-" 
were nrixed .oge^er and combined wi* Exonuclease .„ buffer iP.o.oco, sec..o. c. 
7^. conrled sample was .hen divided in .wo e,ual volumes and E— « 
led «, one half. AfUr incuba.ion and purif,ca.ion ho.h halves (./-Exonuc^e m 
CM-usedaspuri,>edprobeshybridise.oanda„a,ysedup,ica.e.asss.^^^ 
lysofh-dividua, mouse gene sequences, as described in me Pro.oco,s above (Secnons 

d and e). 

^ lef, hand panel of .e Figure 1— .he ex.en. of hybHdisa.ion . *e s..e ^e 
arn^yoftarge. DNA *a.hadno.beensubjec.ed.o exonuclease d,ges.,on.T,^e„^.»d 
:::i.,us.l«s*eex«n.ofhybridisa«on.d.e Slide gene arrayofrargCDNA^had 

been subject to exonuclease digestion. 



^ left and hand panels the ex.e„. of KO ^o"^;"^; 

(detec^d as Cy3 fluorescence) and WT globa, cDNA hybridisation (de.ec.e as Cy5 
Lscence) to .dMdua. ntouse DNA sequences (each .presented as a s,ns. spot ,n 
figure) is plotted on an identical logariflunic scale. I. can clearly be sec . a. * 
lent of ybridisation is ntaricedlyinc^ased following cKonucleasedigesUonC™^^^^^^ 

by an extended sp.ad toward the upper right hand comer, seen in 

plrthemtore, target DNA which is an exonuclease derivative of double-sttand d DNA 

lerated 506, detectable hybridisation events which passed the quality control c„«™ 
used by the analysis software OenePix 4.0 whereas using the same crttena only 3459 

idLtion events which passed the quality control criteria produced by ..s no. 

dUd — ■ ™» " 

sensitivity of the target DNA. 

"4 success of the global amplification p^cess relies on three succ«sive enzymattc 
Steps: 

0 rcversetranscriptionCtoproduceaglobalcDNApopulation); 

U) terminal transferase "tailinr (to extend the molecules of the global cDNA); 

and 

iii) polymerase chain reaction (to amplify the tailed global cDNA). 
Tbese steps are carried out by simple addition ofabuffer/enzymemixturetothe reaction 
mixture of the preceding step. 

Maintaining effective en^atic performance for each step is P"'"-""^^ 
standard reverse transcriptase, terminal transferase and Ta, polymerase buffers are u^ 
because they are very different from one-another. Although the ortgm.. prevtou. 
published, buffer conditions are capable of providing efftcient amp.ficat,on (ref^ft 
scuertia. nature of the three combined reactions has meant that mmor changes m t^ 
rffersetwhichareoften inadvertently introduced in preparing new batches of apparently 

identical bufl^ can reduce the ove.ll efftciency of the whole amplificatton procedure. 



This variability in the original buffers has led some to introduee additional steps or 
purifications to the original amplication procedure (refs). Although, fl,ese additions allow 
efficient amplification the use of the additional steps increases the likelihood of mor 
and/or contamination, as well as increasing the "hands^n" time required by a user, when 
compared to the original simple one tube method. 

we have developed a new set of buffers which overcome the variability inherent in the 
buffers used for the original method while maintaining the simple one-tube nature of the 
original method. We have changed the overall buffer base to included acetate buffers 
since these buffe,. ar. more representative of cellular conditions and have provided a 
broad buffer system for restriction en^es (McClellan et al 1988). In addition we have 
also optimised the concentrations of dNTPS, CoCh, BSA and DTT to provide a radically 
new set of buffers which together provide a dramatic improvement over the previous 
published buffers. 

i) Optimisation ofdNTP and oligonucleotide concentration to improve cDNA yield 
and accuracy. 

Figure 2 illustrates that varying the concentration of dNTPs and oligonucleottdes present 
inthe reaction mixture during dte reverse transcription step ofglobal CDNA amplification 

significantly alters the yield of cDNA. 

For all conditions tested the reverse transcriptase and terminal transferase reactions as 
described in the global amplification protocol (Protocols Section (a) i and ii) were apphed 
.0 tripHca.. sets of 1 ng total mouse spleen RNA (Ambion). For each reverse 
,™,scriptaserea«ionl.66 units "Sensiscript™" (Qiagen) was used. All buffers used ^ 
were as outiined in the left hand fPublished") column of Table 1 with the exception of 
"RNAse Inhib+» which was adjusted to provide the final concentrations shown m F.gure 
2. 

Following completion of the terminal transferase step quantitative measurements of total 
CDNA yield were made by removing 0.5 material and applying quantitative PCR 
using the oligo NotldT as described in the Protocols (Section g). 
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^e.e«.a„..a.ofFisure2(™a*ed -OH. cona. Shows cDNA,..d».n.^^^^^^^^ 
published conditions (72^Mc»™;0.72^MoHgo„uo.eo.ide; and RNasemh*..^^^ 

ba, ...^ C, Shows .DNA yield using 38^M dKTP; 0.38.M oligonucleotide; and 
TLn-l RNase inhiHto. T.ese conditions cause a nea, th^fo.d .n-P— ,n 
cDNA yield as compared to previously published methods. 

T.eb.ma*edC2 shows CDNA yield using 38MMdNTP;0.3S.Mo,igonucleotide;»d 
!BKase inhibitors. Bcanheseenthat CDNA yield is mnchteducedascompa^dtothe 

conditions used in CI. 

bar marked C3 shows cDNA yield usin. .44 ^ dNTP; 1 .44 .M oUg— de; 
ana no RNase inhibitors. While these conditions appear to give a h,gh yeMs of cDNA 
rlplificationplotswerefoundtobelrre^larwhencomparedtothoseobtamedusmg 



the other conditions. 



U conclusion it can be seen that performing the reverse ^^^^ 
p.para.ionin.hepr^nceof3S^MdNTP;0.38,MoUgonucleot,de;a„d0.37u/mlRNase 

inhibitors significantly increases cDNA yield. 
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m Improved cDNA yield using acetate buffers. 

L a.. coLo. .s«d .he reverse — e and .e™.a, .ansferase — as 
Lbed in fte g.oba. ampHfcation p™u>.o. iPro.oco, seCon (o) , an, „) were appi.ed 
:i.e se. of . ^ sp>ee„ RNA (An,Ho„, Po, each ,eve.. 

.ranserip.ase.aCionl.66uni«"Sensiserip.™"(Qiagen) was used. 

For .he firs. co,un,n shown in Figure 3 all bufiers used were as ou..ined in «,e 
"Published" column of Table 1. 

For *e second co,un,n shown in Fi^re 3 a„ buffers used ^ ^ ^7*;^ 
..ubiished" column of Table i wifl, *e e.cep.io„ of *a. «.e "TdT Buffer . DTP ^ 
CoCi." described in *e righ. hand ("hnproved") co.un» of Table . was used for .he 
terminal transferase step. 

For fte *ird column shown in Figure 3 all buffe. used were as described in .he 
!btll." column ofTable 1 wl.*ee.ce,ionof.ha..he..RTBufrer2„oBSA"w. 
rin«,er.e,se»anscHp.ases.ep and ..TdTBuffer.DTT.CoCl. was used for Ure 

.erminal transferase step (bott, shown in righ. hand column of Table 1). 
Following comple.ionof«.e terminal .ansferases.ep<.uan.i.a«vemeasureme^ of ^1 
.DNA yield were made by r^ovlng 0.5 ^ material and applying ,ua„-«ve PCR 
using fte oligo No.ldT as described in Protocol section (g). 

The increase seen in«,e«colum„il.us.«tes*e improve CDNA yield produ^dwh. 

bod, fte reverse .ranscripUon s.ep and d,e homopolymer filing step are ca., ed ou. , .h 
"le of ace^te buffers. ..can be seen *a.«re use of ace^te buffers dunng*^^^ 

Z increases yield signif,can.ly (.wo fold) as compared «, J" 
llions. reduclon of cDKA yield seen in *e middle column ..lus«tes *e 
taporance of fte combinateial aspec. of d,e sequential buffer system. 

«« O^Ua^ion of concen^n of CoCH To assess .he Imporrance of CoCb 
Inln Mowing ti,e switeh . an ace.te buffer system .he reverse .anscr.p.ase 



^ transferase reactions as described in the global ampUfcatron p«>.oco 

;„l>sSec.>on(a,iandiO were appiicd to triplicate setsoflngtotalnrouse^^^^ 
LA(A.nbion)usi„,«,ebuffersdesoriMbe,cw.Foreachreverse.ranscr,ptasereact,o„ 

1.66 units "Sensiscript™" (Qiagen) was used. 

Following completion of the terminal transferase step quantitative measurements of total 
cDNA yield were made using the oligoNotldT as described in Protocols Secttonfe). 

,0, the first column shown in Figu,. 4 all buffers used were as outW in the 
!;blished-.co.umnofTab,e,.FortHecol„mns2-3showninPigure4.ebuffe^^^^^^^^^^ 

were as outlined inthe-.mproved-.co.umnofTablel.Por the second col^^^^^^^^^^^^ 
Buffer.Drr./,CoCb"wasusedtogiveaf,na.CoChconcen.rat,onof0.5mMfor* 

, ,u "THT Buffer + DTT .X CoCb" was used to give a final C0C.2 
ttiird column the TdT Buffer + DT. + dTT 2X CoCl," was 

concentration of 1 mM and for the fourth column the TdT Buffer + Di 
used to give a final C0C.2 concentration of 2 mM. 

AS can be seen the use of ImM C0CI3 provides significant benefits comp^ .0 O.SmM 
C0CI2 and 2mMCoCl2. 



of bovine serum albumen. . u ^„ 

TO asses. *e i.po«a„« of bovine sen.. — (BSA) fo.owng ,he sw,. h .o an 
acetate buffer sys.e. .he reverse — .ase and .e^ina, — reaco. 
described in.be ,obaU™p.if.ca.io„ protocol (P™,<K.<-*»r.^■ W„ 
.0 .rip,ica.e sets of i „g tota, mouse spleen RNA (Ambion) using Ute buffers descnbed 
TeL Por eacb .ever, .ranscript^reactioni.66 units •■Sensiscrip.™" (Q-aa™) was 

used. 

PoUov-ing completion of the tenninal ^sfcrase step quantitative n,casurc„.cn.s of .0.1 
cDNA yield were made by r^oving 0.5 ma.erial and applying quan.,ta.,ve PCR 
using ttte oligo NcldT as described in Pwlocol sectUm (g). 

For the first column in Figure 5 the buffers used we. as omlined in U>e "Improved- 
column of Table 1 using "RT Buffer 2 no BSA" for dre reverse „.ase s.ep and 
•Tdf Buffer + DTPIX C0CI2" for .he tenninal n-ansterase s.ep. 

For the second column in Figure 5 dte buffers used were as outiined in ,he -hnproved" 
column ofTable 1 „,„g "RT Buffer 2 +BSA" for dre reverse tta„scrip«>se s.ep and 
Buffer + DTP ixCoCh" for the terminal transferase step. 

The conditions, producing the cDNA yield illustrated by the left and right hand bars, 
differ only infte presence or absenceofBSA during the reverse t«nscript,on reaction. 

„ can be seen that the presence of BSA, as illustiated in the right hand column^ 
significantly increases CDNA yield when compared.tite absence ofBSA, as shownm 

the left hand column. 
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v; At^nce of dUHMkreUol (DTT> during Homopolyn^ Ming sUp increases 
cDNA yield. 

DTP isacompcnen. of previously reported.actio„n,ixn.resforuseMhep.^^^^^^^ 
ODNA reassess ftetapomnoeofOTT Moving me switch .0 an acetate buffer sy,e™ 

U,c reverse transcriptase and tennina, transferase reactions as descrii^d in the g.oba, 
.„,p,if,cation protocol (Protoco,section(a)i3ndii, we. applied to triplicate s^.0^^^^ 

«,tll mouse spleen RNA (Ambion) using the buffers described below. For each reverse 
transcriptase reaction 1.66 units "Sensiscript™" (Qiagen) was used. 

Following completion of the terminal transferase step ,u»titative measurentents of to^ 
CDNA yield we« made by removing 0.5 ,L material and applymg quan„«.t.ve PCR 
using the oligo NotldT as described in Protocol section (g). 

For dte first column in Figure 6 the buffers used were as outlined in the "toproved" 
column ofTablelusing-RTBuffera+BSA-tor the reverse transcriptase step and 

•TdT Buffer no UTT" for the terminal transferase step. 

For the second column in Figure 6 the buffers used were as outlined in the "hnprov^" 
columnofXable 1 using "RT Buffer 2 +BS A" for the reverb transcriptase step and 
Buffer + DTT IX CoCI," for the terminal transferase step. 

Since the reaction conditions differ only in Ure omission or inclusion of DTI the results 
illustrate that temoval of OTT improves the level of amplification achieved. 



and cDNA yield using improved preparatiOH condUions. 

r o«H PPR reactions as described in me giooai 

transcriptase, terminal transferase and PGR reactions . , ,,„fi 

rpHfLo„protoc„.(Pro.<«o.sec«o„(a,UianaHOw«e^pHed...P^^^^ 
„g«,Ul mouse spleen RNA(Amb,on)usmgfl.c buffers «.ou.belo». 

P„. each reverse .ranscrip.se reaction ,.66 ™i.s "Sensiserip,™" (Qiagen) was used^ 
Iwin. .d.o„or.ePCK buffer (Pror„coWec.ion(a,:H,anapr,or»—^^^ 
PCRcycH„g.2^Lofeachreaction«assetasideanda,er«nau„ngsan,p.e subjected .oa 

limited PGR of 6 cycles only. 

samples of CDNA product by each protocol used were subjected to ,ua„U.t.e 
„i;.he oligonucleotide NotldT as described in Pro^ol section (g).Quan«ta.tvePCR 

was applied to samples taken prior to and after the 6 cycles PCR. 

For all samples labelled-orlgbuffers-inPigureTthebuftrsusedwereasoutlinedinthc 

"Published" column of Table 1. 

For all samples labelled '^ew buffers" in Figure 7 d,e buffers used were outlined in the 
!:pl7eolumnofTablel.usingthespeci«creversetranscrlptases.epa„d.e™^^ 

transferase buffers "RT Buffer 2 +BSA" and "TdT buffer no DTT'. 
S.ples.abelled.oPC.inPl^.;^^^^^^^^^^ 

-r— rsirix^^^^ 

The results in Figure7il,us.rate that the improve CDNA buffers described here provide 
significantly greater cDNA yield than do previously reported condmons. 

v^, Cunu,.^effec,ofimpn.,edcond,^nsis,asig.Vi^ 
as compared to previoslf pMed coHdiOom. 



llnolousesp,ee„RNA(An.bMin«hicMh.i„p.KKAra„gesf.™.0^^ 
0 n- For e.ch .verse «nscripUse reaeUon S5 u MMLV RTase plus u AMV 
^iLrse— ase was used. To assess PCR e«,.e„cies 0.5 ^ oHHe «„. 
PCR product was analysed by agarose gel electrophoresis. 

used were »RT Buffer . .BSA" a«d buffer no DTT" as outl.ned .u the 
"Improved" column of Table 1. 

S SHOWS agarose ge, analysis, co^par^g global an,pU«ed cONA yleU. a^eved 
u^g previously published original conditions with that achteved ustng the .ntproved 
conditions described herein. 

detectable antountsof global an,plifedcDNAa.inputva.uesas.owa.,OpgRNA. 
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